Recent studies indicate that the addition of nanoscale RE 2 BaCuO 5 ͑nmRE211͒ ͑RE= Y, Sm, and Nd͒ in melt-texture-grown Sm-Ba-Cu-O bulk material can enhance the critical current density ͑J c ͒, especially in high magnetic fields. It is known that the ␦T c pinning is the reason for high field peak effect in J c -H curves. The J c -H curves exhibit enhancement compared with those of undoped samples. The analysis of first derivations of R-T curves found two peaks in dR / dT curves representing two characteristic temperatures in high magnetic fields, where the lower temperature is attributed to the weak superconducting phase. The relative strength of the two peaks varies with the concentration of nmY211 additions. This argument is consistent with microstructural observations and pinning analysis results.
I. INTRODUCTION
RE 1+x Ba 2−x Cu 3 O y ͑REBCO, RE: rare earth elements͒ superconductors possess a distinctive peak effect in the behavior of J c ͑H͒ at various temperatures. In order to further enhance the critical current density ͑J c ͒ of superconductors in a high magnetic field, both the T c and the number of effective pinning centers should be increased. Previous studies have shown that crystalline defects result in ␦l pinning and contribute to an enhancement of J c in a low magnetic field. 1 The interface of nonsuperconducting phase ͑211 particles͒, dislocations, twins, and stacking faults belong to this category. 2, 3 Nanoscale addition 4, 5 is now also a common method to enhance the pinning as well as the superconducting critical current density ͑J c ͒ since it results in the formation of a potential well with a dimension near the coherence length.
As for the enhancement of J c in a high magnetic field ͑peak effect͒, this is attributed to the ␦T c pinning which results from the areas with variations in T c . Chikumoto et al. 6 attributed the peak effect in the NdBCO system to fieldinduced pinning centers of the nanosized Nd-rich clusters. The field-induced pinning centers result from the lower T c of RE-rich regions, where the superconductivity can be broken into normal states by a high magnetic field and thus become effective pinning centers for vortices. The mixing of RE elements in the precursor powder, e.g., ͑Nd, Eu, Gd͒ -Ba-Cu-O͑NEG͒ materials and ͑Nd, Sm͒ -Ba-Cu-O system, is also an effective process to enhance J c , where there are compositional annuli cores with a distinct range of the rare earth chemical ratio. 7 Different to the mixing of RE elements in the precursor powder ͑e.g., NEG͒, our recent studies [8] [9] [10] also found that the addition of nanosized RE 2 BaCuO 5 particles, i.e., Sm211, Y211, and Nd422 is effective in enhancing J c in high field regions. Nanoscale compositional fluctuations were observed in RE 2 BaCuO 5 ͑nmRE211͒ doped samples. In this study, R -T transport behaviors and the effect of the amount of nmY211 addition in these samples were further investigated and are related to our previous microstructure observations and pinning analysis results.
II. EXPERIMENTS
Sm123 and Sm211 powders were prepared using the conventional solid-state calcination reaction of Sm 2 O 3 , BaCO 3 , and CuO powders, and the nanoscale Y211-particles ͑nmY211 particles͒ were prepared using the sol-gel method. The size distribution of the nanoscale particles was measured using a particle size distribution analyzer ͑zetasizer /1000͒, which showed the mean diameter for the nmY211 to be 27 nm, with the geometrical standard deviation of 25 nm. A mixture of precursor powders ͑Sm123+ 25 wt % Sm211͒ with 0.1 and 1 wt % of nmY211 additives was pressed and processed in an isothermal box furnace. Notably, the composition of the undoped samples was Sm123+ 25 wt % Sm211, i.e., without additions in the precursor. The Sm-Ba-Cu-O ͑SmBCO͒ samples were grown in air using the melt-texture growth ͑MTG͒ method with a small MgO single crystal ͑001 orientation͒ located at the center of the top surface as a seed. The MTG specimens were annealed in flowing oxygen at 300°C for 200 h. The dc magnetization measurements were carried out with a superconducting quantum interference device ͑SQUID͒ magnetometer ͑Quantum Design MPMS7͒ to determine theT c and J c ͑H , T͒. by zero-field cooling ͑ZFC͒ followed by exposure to a 10 Oe magnetic field. The J c ͑A/cm 2 ͒ values were estimated according to the extended Bean model. The R-T curves were measured in a cryomagnetic system using commercial lock-in amplifiers and the four-probe technique. In order to obtain a large signal of voltage, the MTG bulk materials were polished into slices with thicknesses of around 0.1 mm. The electrical contact was made using In and Pt wires and the contact resistance was around 0.1 ⍀.
III. RESULTS AND DISCUSSIONS
Figure 1 shows the J c -H curves of SmBCO samples with different amounts of nmY211 addition at 77 and 80 K. In the undoped sample, the critical current density decreases drastically with the applied magnetic field. With nmY211 additives, the J c -H curves were enhanced and the peak effect became more significant as increasing the concentration of additives. The dominant pinning mechanism of these samples was analyzed using scaling rule 9 and was found to be ␦l pinning for the undoped sample and ␦T c pinning for nmY211 doped samples. As for the concentration effect on superconductivity, our previous results showed that the enhancement of J c and the contribution of ␦T c pinning are proportional to the amount of nmY211, and the J c and ␦T c pinning reach to maximum values when the nmY211 content reaches 2.0 wt %. The R-T analysis results of the undoped sample are different from those of the nmY211 doped samples. The features of R-T curves of the latter are similar to those of the nmNd422 doped samples in that the curve shows a "knee" during the superconducting transition. 10 The resistivities ͑͒ of the normal state ͑at 300 K͒ of the undoped, 0.1 wt %, and 1 wt % nmY211 doped samples was 6.2ϫ 10 −4 , 8ϫ 10 −4 , and 8 ϫ 10 −3 ⍀ cm, respectively. It is of note that of the former two, the value of was similar. As the amount of nmY211 addition has to be increased by ten times, the resistivity ͑͒ is multiplied by a factor of 10. In general, the variation of resistivity among these samples is related to the amount of nmY211 addition. Figure 2 shows the derivatives of the -T curves of the undoped and the nmY211 doped samples from zero field up to 9 T. First of all, the derivative curves of the undoped sample show only one transition temperature as increasing the applied field. The broadening of these curves is a consequence of the melting of vortices, after which the pinning ability weakens substantially in high field. The above behaviors of the R-T curves are different to those of the YBCO crystal. As shown in Fig. 1 , the critical current density of the undoped sample in the ab plane at zero field and T = 77 K was 0.6ϫ 10 4 A/cm 2 . This value is nearly equal to the J c ͑1 ϫ 10 4 A/cm 2 ͒ of a YBCO single crystal under the same conditions. Therefore, the YBCO crystal and MTG undoped SmBCO bulk should have similar pinning abilities. However, the d / dT curve of the YBCO crystal has three characteristic temperatures which are the onset of superconductivity, the transition of dimensionality of the vortex motion from two dimensions ͑2D͒ to three dimensions ͑3D͒, and the transition from vortex liquid to vortex solid. In this study, the R-T curve of the MTG SmBCO undoped bulk is smooth and its derivative shows only one transition. Therefore, we could not observe the dimensional transition of vortex motion and vortex state transition through the measurement of R-T curve in the MTG SmBCO bulk.
As for the nmY211 doped samples, the d / dT curves show two different characteristic transitions in the derivative curve of each measurement under variant external fields for both the 0.1 and 1 wt % samples. A second transition was observed in addition to the onset of the main superconducting phase. As claimed in the preceding section, this second transition should not be the dimensional transition and the vortex state transition. In order to reveal the reasons behind the formation of the second transition, we need to discuss the reaction of nmY211 in the SmBCO system in details. Our previous analysis 9 of transmission election microscopy/ energy dispersive spectroscopy ͑TEM/EDS͒ showed that the nmY211 additives produce spatial inhomogeneity of rare earth element in the matrix of ͑Sm 1−x ,Y x ͒ 1+⌬ Ba 2−⌬ Cu 3 O y . It has been demonstrated that the exchange of Sm by Y gives rise to additional structural defects 11, 12 and thus variable T c will be produced by the fluctuations of Y within the ͑Sm 1−x ,Y x ͒ 1+⌬ Ba 2−⌬ Cu 3 O y regions. Moreover, it was also found 9 that the enhancement of J c and the contribution of ␦T c pinning are proportional to the amount of nmY211 addition.
Now considering the transport behaviors, Fig. 3 plots the values of transition temperatures ͑T 1 and T 2 , as indicated in Fig. 2͒ and the ratio of peak height ͓͑d / dT͒ T 1 / ͑d / dT͒ T 2 ͔ at these two transition temperatures against applied field of the doped samples. It shows clearly that these two samples have almost the same values of T 1 and T 2 , but it can be seen that the ratio of peak height at these two transition temperatures varies with the amount of addition. Except in low fields, the value of ͑d / dT͒ T 1 / ͑d / dT͒ T 2 of the 0.1 wt % doped sample is larger than 1. As for the 1 wt % doped sample, that value is smaller than 1. This tendency became more obvious as the applied field was increased. Consequently, the second transition shown in the d / dT curve is attributed to the lower superconducting transition of the regions where Y replaces the elements of Sm. These lower-T c regions in nanoscale will transit into normal states in a high external field and become the effective pinning centers of vortices. This argument can explain the peak effect of nmY211 doped MTG bulks and is consistent with our experimental results. Moreover, it is proposed that the analysis of the dR / dT ͑d / dT͒ curve provides an easy method to detect the compositional fluctuation.
IV. CONCLUSION
This study investigated the relationship between the amount of nano-Y211 additive ͑0.1 and 1 wt %͒ and the transport behavior. The enhancement of J c and the contribution of ␦T c pinning were proportional to the amount of nmY211 addition. Direct current R-T transport analysis found two characteristic temperatures in the high field ͑2-9 T͒ of the nmY211 doped samples. The relative height of these two characteristic temperatures varied as the amount of nano-Y211 additives was changed. This second transition was considered to result from the weak superconducting phase. This argument is consistent with microstructure observations and pinning analysis results. 
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